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(57) Abstract 

riiis I live 111 ion rehites lo an inipioveO 
, vehicle vvheet hub ( 10) and bearing retention 
i system .iikI method for producing the same, 
j the vehicle v\heel hub and bearing retention 
system (90) including a wheel hub. u bearing 
unit, and a bearing retention and preload 
device. The wheel hub includes an inboard 
end ( 16). an outboard end, and a main body. 
Hie method for producing a vehicle wheel hub 
and bc.inng retention system comprising the 
steps of: ui) providing a wheel hub dchning 
a longimdmal axis and including an inboard 
end, an outboard end. and a main body, 
the hul. denning a bearing scat (64) 

and a wheel hub shoulder; (b) providing a 
bearing unii onto the bearing seat (64) of the 
wheel hub adjacent the wheel hub shoulder; 
(c) providing a bearing unit retention and 
preload device on the opened inboard end 
of the wheel hub adjacent the bearing unit; 
and (d) reshaping the material of the inboard 
end of the wheel hub against the bearing unit 
retention and preload device (78) to thereby 
secure the bearing unit retention and preload 
device on the wheel hub and prevent axial 
movement of the bearing unit relative to the 
wheel hub. 
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12 adjacent the inboard end 16 thereof. As is known, the spanner nui 30 is 
tightened against the inboard end surface 14A of the bearing unit 14 to a 
predetermined torque in order to exert a predetermined clamp load on the bearing 
unit 14. 

The prior art vehicle wheel hub and bearing retention system 10 is 
subjected to various loads during vehicle operation. Typically, the loads which 
the prior art vehicle wheel hub and bearing retention system 10 are subjected to 
include radial loads, bending loads, and torsional loads. Depending on the 
magnitude of the associated loads and the rotational motion of the associated 
wheel hub 12 during vehicle operation, the spanner nut 30 can rotate and loosen 
from its installed position resuhing in the loss of the preset bearing preload. 
Thus, ii would be desirable to provide an improved structure for a vehicle wheel 
hub and bearing retention system which improves the retention of the bearing 
unit on the wheel hub in order to maintain a preset bearing preload and yet is 
simple and inexpensive. 

SUMMARY OF THE INVENTION 
This invention relates to an improved vehicle wheel hub and bearing 
retention system and method for producing the same, the vehicle wheel hub and 
bearing retention system including a wheel hub, a bearing unit, and a bearing 
retention and preload device. The wheel hub includes an inboard end, an 
outboard end. and a main body. The bearing unit is provided onto a bearing seat 
of the wheel hub. The material of the inboard end of the wheel hub is re-shaped 
against the bearing retention and preload device to thereby secure the device on 
the wheel hub and prevent axial and radial movement of said device relative to 
the wheel hub. The method for producing a vehicle wheel hub and bearing 
retention system comprising the steps of: (a) providing a wheel hub defining a 
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longitudinal axis and including an inboard end. an outboard end. and a main 
body, the wheel hub defining a bearing seat and a wheel hub shoulder; (b) 
providing a bearing unit onto the bearing seat of the wheel hub adjacent the 
wheel hub shoulder: (c) providing a bearing unit retention and preload device on 
the opened inboard end of the wheel hub adjacent the bearing unit: and (d) re- 
shaping the material of the inboard end of the wheel hub against the bearing unit 
retention and preload device to thereby secure the bearing unit retention and 
preload device on the wheel hub and prevent axial movement of the bearing unit 
relative to the wheel hub. 

Various objects and advantages of this invention will become apparent to 
those skilled in the art from the following detailed description of the preferred 
embodiments, when read in light of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a sectional view of a ponion of a prior art vehicle wheel hub and 

bearing retention system. 

Fig. 2 is an elevational view of a prior art spanner nut used on the prior art 

vehicle wheel hub and bearing retention system of Fig. 1 . 

Fig. 3 is a sectional view of the prior art spanner nut taken along line 3-3 

of Fig. 2. 

Fig. 4 is a sectional view of a portion of a first embodiment of an 
improved vehicle wheel hub and bearing retention system constructed in 
accordance with this invention. 

Fig. 5 is a sectional view of a portion of the wheel hub shown in Fig. 4 
illustrating the structure of the opened inboard end of the wheel hub prior to 
subjecting the opened inboard end to a metal forming process in accordance with 
this invention. 
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TITLE 

VEHICLE WHEEL HUB ANfD BEARING RETENTION SYSTEM 
AND METHOD FOR PRODUCING SAME 

5 

BACKGROUND OF THE INVENTION 
This invention relates in general to vehicle wheel hub and bearing 
retention systems and in particular to an improved structure for such a vehicle 
wheel hub and bearing retention system and method for producing the same. 

10 One example of a known vehicle wheel hub and bearing retention system, 

indicated generally at 10. is illustrated in prior art Fig. 1 . As shown therein, the 
prior art vehicle wheel hub and bearing retention system 10 is associated with a 
wheel (not shown) of a vehicle and includes a wheel hub 12 and a bearing unit 
14. The wheel hub 12 defines a longitudinal axis X and includes a generally 

1 5 stepped body having an opened inboard end 16, an opened outboard end 18. and 
a generally axially extending main body 20 having a radially outwardly 
extending flange 22, The wheel hub 12 is provided with a bearing seat 24 for 
receiving the bearing unit 14. 

The flange 22 of the wheel hub 12 has a plurality of circumferentially 

20 spaced lug bolt receiving holes 22A formed therein (only two of such lug bolt 
receiving holes 22A are illustrated in Fig. 1). A lug bolt 26 is disposed in each 
of the lug bolt receiving holes 22 A to secure a brake rotor (not shown) and the 
vehicle wheel to the wheel hub 12 for rotation therewith. The outboard end 18 
of the wheel hub 12 is adapted to receive a dust cover (not shown) to prevent 

25 dirt, mud, water, and other debris from entering into the interior of the wheel hub 
12 through the opened outboard end 18. 

The illustrated bearing unit 14 is a pregreased, sealed- for life, one-piece 
cartridge style bearing pack assembly and includes an outwardly extending 
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tlange 28. The flange 28 has a pluraHtv- of circumfereniiall\ spaced mourning 
bolt receiv ing holes 28A formed therein (only one of such mounting bolt 
receiving holes 28A is illustrated in Fig. 1). A mounting bolt (not shown) is 
disposed in each of the mounting bolt receiving holes 28A to secure the bearing 
5 unit 1 4 to a non-rotatable component of the vehicle, such as the steering knuckle 
(not shown), so as to rotatably support the wheel hub 12 relative thereto. 

A spanner nut 30 is installed on the wheel hub 12 adjacent the opened 
inboard end 16 thereof to secure the bearing unit 14 on the wheel hub 12 and to 
preload the bearing unit 14. As shown in prior art Fig. 3, the spanner nut 30 is a 
1 0 generally annular shaped nut and includes an inner end wall 32, an outer end wall 
34. an inner cylindrical side wall 36, and an outer cylindrical side wall 38. The 
outer end wall 34 of the spanner nut 30 defines an engagement surface which is 
oriented generally perpendicular to the longitudinal axis X of wheel hub 12. The 
engagement surface 34 is adapted to engage an inboard end surface I4A of the 

15 bearing unit 14 when the spanner nut 30 is installed and tightened on the wheel 
hub 12, as will be described below. The spanner nut 30 is preferably formed 
from stainless steel or carbon steel, and may be electroplated with zinc for 
corrosion protection. However, the spanner nut 30 can be formed from other 
materials, such as for example, aluminum. 

20 As best shown in prior art Fig. 2, the spanner nut 30 is further provided a 

plurality of slots 40 (four slots 40 being illustrated in prior art Fig. 2) formed in 
the outer cylindrical side wall 38. The slots 40 extend from the inner end wall 32 
to the outer end wall 34 of the spanner nut 30 and are adapted to allow a 
conventional tool (not shown) to be used to tighten the spanner nut 30 on the 

25 wheel hub 1 2. To accomplish this, the inner cylindrical side wall 36 of the 
spanner nut 30 is provided with internal threads 36A. The internal threads 36A 
of the spanner nut 30 mate with external threads I2A provided on the wheel hub 
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Fig. 6 is an elevaiional view of the bearing unit reieniion and preload 
device shown in Fig. 4. 

Fig. 7 is a sectional view of the bearing unit reicnlion and preload device 
taken along line 7-7 of Fig. 6. 
5 Fig. 8 is a block diagram showing a sequence of steps for producing the 

improved vehicle wheel hub and bearing retention system shown in Fig. 4. 

Fig. 9 is a sectional view of a portion of a second embodiment of an 
improved vehicle wheel hub and bearing retention system constructed in 
accordance with this invention. 
10 Fig. 10 is a sectional view of a portion of the wheel hub shown in Fig. 9 

illustrating the structure of the opened inboard end of the wheel hub prior to 
subjecting the opened inboard end to a metal forming process in accordance with 
this invention. 

Fig. 1 1 is an elevational view of the bearing unit retention and preload 
1 5 device shown in Fig. 9. 

Fig. 12 is a sectional view of the bearing unit retention and preload device 
taken along line 12-12 of Fig. 11. 

Fig. 13 is a block diagram showing a sequence of steps for producing the 
improved vehicle wheel hub and bearing retention system shown in Fig. 9: 

0 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Referring now to Figs. 4 through 7, there is illustrated a first embodiment 
of an improved vehicle wheel hub and bearing retention system, indicated 
generally at 50, in accordance with this invention. The illustrated vehicle wheel 
5 hub and bearing retention system 50 is associated with a wheel (not shown) of a 
vehicle. The general structure and operation of the vehicle wheel hub and 
bearing retention system 50 is conventional in the art. Thus, only those portions 



wo 98/25772 



6 



PCT/US97/::590 



) 



of the vehicle wheel hub and bearing retention system 50 which are necessan for 
a full understanding of this invention will be explained and illustrated in detail. 
Also, although this invention will be described and illustrated in connection with 
the panicular vehicle wheel hub and bearing retention system 50 disclosed 
herein, it will be appreciated that this invention may be used in connection with 
other vehicle wheel hubs and/or bearing assemblies. 

The illustrated vehicle wheel hub and bearing retention system 50 
includes a wheel hub 52 and a bearing unit 54. The wheel hub 52 defines a 
longitudinal axis Z and includes a generally stepped body having an opened 
inboard end 56. an opened outboard end 58, and a generally axially extending 
main body 60. , 

The main body 60 of the wheel hub 52 is provided with a radially 
outwardly extending flange 62 and a bearing seat 64 for receiving the bearing 
unit 54. The flange 62 of the wheel hub 52 includes a plurality of 
circumferentially spaced lug bolt receiving holes 62A formed therein (only two 
of such lug bolt receiving holes 62A are illustrated in Fig. 4). A lug bolt 66 is ■ 
disposed in each of the lug bolt receiving holes 62A to secure a brake rotor (not 
shown) and a vehicle wheel (not shown) to the wheel hub 52 for rotation 
therewith. The opened outboard end 58 of the wheel hub 52 is adapted to 
receive a dust cover (not shown) to prevent dirt, mud, water, and other debris 
from entering imo the interior of the wheel hub 52 through the opened outboard 



end 58. 



As shown in Fig. 5, the wheel hub 52 is initially provided with a reduced 
diameter non-threaded section 70 directly adjacent the opened inboard end 56 
thereof The wheel hub section 70 has a generally constant thickness T. defines a 
predetermined outer diameter Di, and extends a predetermined axial distance 
XI . The wheel hub 52 is further provided with a section 72 directly adjacent the 
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section 70. The seciion 72 of the wheel hub 52 is provided with external threads 
72A. Preferably, as best shown in Fig. 5. the outer diameter Dl of the non- 
threaded wheel hub section 70 is less than a minor thread diameter, denoted in 
Fig. 5 as D2, of the threaded wheel hub section 72. In the illustrated 
embodiment, the minor thread diameter D2 is the same as an outer diameter D3 
defmed by the bearing seat 64. Alternatively, the diameters Dl, D2, and/or D3 
can be other than illustrated if desired. Also, the structure of the non-threaded 
wheel hub section 70 can be other than illustrated if desired. 

The illustrated bearing unit 54 is a pregreased, scaled-for life non- 
serviceable canridge style bearing pack assembly and is pressed onto the bearing 
seat 64 of the wheel hub 52. The bearing unit 54 includes an outer race 54A. a 
pair of inner races 54B and 54C, and a plurality of bearings 54D and 54E. shown 
in this embodiment as tapered roller bearings, installed between the inner races 
54B and 54C and the outer race 54A. However, the bearing unit 54 can be other 
than illustrated if desired. 

The outer race 54A of the bearing unit 54 includes an radially outwardly 
extending flange 68 having a plurality of circumferentially spaced mounting bolt 
receiving holes 68 A formed therein (only one of such mounting bolt receiving 
holes 68A is illustrated in Fig. 4). A mounting bolt (not shown) is disposed in 
each of the mounting bolt receiving holes 68A to secure the bearing unit 54 to a 
non-rotatable component of the vehicle, such as the steering knuckle (not 
shown), so as to rotatably suppon the wheel hub 52 relative thereto. 

A bearing unit retention and preload device, indicated generally at 78. is 
installed on the wheel hub 52 adjacent the inboard end 56 thereof to secure and 
preload the bearing unit 54 on the wheel hub 52. In the illustrated embodiment, 
the bearing unit retention and preload device 78 includes a generally annular 
retention nut 80. As shown in Fig. 7, the retention nut 80 includes an inner end 
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wall 82. an outer end wall 84. an inner cylindrical side wall 86. and an outer 
cylindrical side wall 88. The outer end wall 84 of the retention nut 80 defines an 
engagement surface which is oriented generally perpendicular to the longitudinal 
axis 2 of wheel hub 52. The engagement surface 84 of the retention nut 80 is 
adapted to engage an inboard end surface 54F of the bearing unit 54 when the 
retention nut 80 is installed and tightened on the wheel hub 52, as will be 
described below. The retention nut 80 is preferably formed from stainless steel 
or carbon steel, and may be electroplated with zinc for corrosion protection. 
However, the retention nut 80 can be formed from other materials, such as for 
example, aluminum. 

In the illustrated embodiment, the retention nut 80 is provided with a 
pluralit>' of slots 90 (four slots 90 being illustrated in Fig. 6) formed in the outer 
cylindrical side wall 88. The slots 90 extend from the inner end wall 82 to the 
outer end wall 84 of the retention nut 80 and are adapted to allow a conventional 
tool to be used to in.stall and tighten the retention nut 80 on the wheel hub 52. To 
accomplish this, the inner cylindrical side wall 86 of the retention nut 80 is 
provided with internal threads 86A. The internal threads 86A of the retention 
nut 80 mate with the external threads 72A provided on the section 70 of the 
wheel hub 52. As is known, the retention nut 80 is tightened against the inboard 
end surface 54F of the bearing unit 54 to a predetermined torque in order to exert 
a predetermined clamp load on the bearing unit 54. 

In the illustrated embodiment, the retention nut 80 preferably further 
includes a plurality of indentations or notches 92 (four equidistantly spaced 
indentations 92 being illustrated in Fig. 6) provided therein. As shown in Fig. 7, 
the indentations 92 extend radially outwardly from the inner cylindrical side wall 
86, and axially inwardly from the inner end v/all 82 toward the outer end wall 84. 
Alternatively, the number, spacing, and/or the configuration of the indentations 
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92 can be other than illusiraied if desired. As will be discussed, the indentations 
92 are adapted to allow the material of the wheel hub 52 to be displaced therein 
in order to positively lock the retention nut 80 in place on the wheel hub 52. 

Turning now to Fig. 8, the method for producing the vehicle wheel hub 
and bearing retention system 50 of this invention will be discussed. Initially, in 
step 100, the bearing unit 54 is pressed onto the bearing surface 64 of the wheel 
hub 52 and advanced (to the right in Fig. 4) until the inner race 54C engages a 
wheel hub shoulder 52A. Next, in step 102, the retention nut 80 is installed on 
the non-threaded section 70 of the opened inboard end of the wheel hub 52 (the 
shape of the section 70 of the inboard end of the wheel hub 52 being shown in 
Fig. 5 when the retention nut 80 is initially installed during step 102). During 
step 102, the retention nut 80 is advanced (to the right in Fig. 4) to the threaded 
section 72A and is threadably tightened thereon to exert a predetemiined clamp 
load on the bearing unit 54 as described above. Following this, in step 104, the 
section 70 of the opened inboard end of the wheel hub 52 (shown in phantom in 
Fig. 4 prior to perfomiing step 104), is subjected to a metal forming process to 
secure the retention nut 80 thereon and produce the vehicle wheel hub and 
bearing retention system 50 of this invention. 

To accomplish this, the wheel hub 52 is supported on a suitable fixture 
(not shown) and a metal forming tool 1 10 (shown in phantom in Fig. 4) is 
provided. The metal forming tool 1 10 is oriented at an angle A relative to the 
axis Z of the wheel hub 52 and is mounted on a support member (not shown) 
which allows the metal forming tool 1 10 to be selectively movable toward (and 
away from) the wheel hub 52. As will be discussed, the metal forming tool 1 1 0 
is provided with a tool end 1 lOA having a predetermined contour which is 
effective to impart a predetemiined contour to the section 70 of the wheel hub 52 
during step 104. 
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During the metal forming process of step 104, an end 70A of section 70 of 
the wheel hub 52 is engaged by the tool end 1 1 OA of the metal forming tool 1 10. 
As the forming tool 1 10 is orbited or moved (as shown by arrow R). the material 
of the section 70 of the wheel hub 52 is engaged and reshaped generally radially 
outwardly by the tool end lOOA against the adjacent inner end wall 82 of the 
retention nut 80 to produce the final shape of the opened inboard end 56 of the 
wheel hub 52 shown in Fig. 4. During step 104, the forming tool 1 10 is 
operative to increase the radial dimension of the section 70 of the wheel hub 52 
to form a predetermined finished section 56 of the wheel hub 52 which generally 
corresponds to the shape of the tool end 1 lOA. As a result, the metal forming 
process of step 104 secures the retention nut 80 on the wheel hub 52. Also, 
during the metal forming process of step 104, the material of the section 70 of 
the wheel hub 52 is displaced into and fills the indentations 90 of the retention 
nut 80, thereby providing a positive mechanical lock of the retention nut 80 on 
the wheel hub 52. Alternatively, other metal forming processes can be used if 
desired. 

Turning now to Figs. 9-13 and using like reference numbers to indicate 
corresponding parts, a second embodiment of an improved vehicle wheel hub 
and bearing retention system, indicated generally at 50', and method for 
producing the same in accordance with this invention will be discussed. 

The vehicle wheel hub and bearing retention system 50' includes a 
bearing unit retention and preload device, indicated generally at 78', installed on 
the wheel hub 52' to secure and preload the bearing unit 54 thereon. In the 
illustrated embodiment, the bearing unit retention and preload device 78' 
includes a generally annular retention ring 80'. 

As shown in Fig. 12, the retention ring 80' includes an irmer end wall 82'. 
an outer end wall 84', an inner cylindrical side wall 86', and an outer cylindrical 
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side wall 88'. The outer end wall 84' of the reieniion ring 80" defines an 
engagement surface which is oriented generally perpendicular to the longitudinal 
axis Z of wheel hub 52 ". The engagement surface 84' of the retention ring 80' is 
adapted to engage an inboard end surface 54F of the bearing unit 54 when the 
retention ring 80' is installed and tightened on the wheel hub 52', as will be 
described below. The inner cylindrical side wall 86' of the retention ring 80" 
defines a retention ring inner diameter D4. The retention ring 80' is preferably 
formed from a material which is harder than material of the inner race 54B of the 
bearing unit 54. Also, the retention ring 80' is preferably formed from stainless 
steel or carbon steel, and may be electroplated with zinc for corrosion protection. 
However, the retention ring 80" can be formed from other materials, such as for 
example, aluminum. 

In the illustrated embodiment, the retention ring 80' can be provided with 
a plurality of indentations 92' (four equidistantly spaced indentations 92' being 
illustrated in Fig. 1 1 in phantom) provided therein. As shown in Fig. 12. the 
indentations 92' extend radially outwardly from the inner cylindrical side wall 
86', and axially inwardly from the inner end wall 82* toward the outer end wall 
84'. Alternatively, the retention ring 80' does not have to include the 
indentations 92 , or the number, spacing, and/or the configuration of the 
indentations 92" can be other than illustrated if desired. As will be discussed, the 
indentations 92' are adapted to allow the material of the wheel hub 52' to be 
displaced therein in order to positively lock the retention ring 80' in place on the 
wheel hub 52'. 

Turning now to Fig. 13, the method for producing the vehicle wheel hub 
and bearing retention system 50' of this invention will be discussed. Initially, in 
step 100', the bearing unit 54 is pressed onto the bearing surface 64' of the wheel 
hub 52' and advanced thereon (to the right in Fig. 9) until the inner race 54C 
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engages a wheel hub shoulder 52A-. Next, in step lO:'. the retention ring 80" is 
installed on the non-threaded section 70* of the opened inboard end of the wheel 
hub 52' (the shape of the section 70' of the Inboard end of the wheel hub 52' 
being shown in Fig. 10 when retention ring 80' is initially installed during step 
102'). Preferably, to accomplish this, the retention ring inner diameter D4 is 
slightly greater than the outer diameter DP of the section 70' of the wheel hub 
52' so as to provide a slip-fit or clearance-fit of the retention ring 80' thereon. 
Alternatively, the retention ring inner diameter D4 can be slightly less than or 
generally equal to the outer diameter Dl ' of the wheel hub 52" so as to provide a 
press- fit thereon. 

Next, in step 104', the section 70' of the opened inboard end of the wheel 
hub 52- (shown in phantom in Fig. 9 prior to performing step 104'). is subjected 
to a metal forming process to secure the retention ring 80' thereon and to 
simultaneously preload the bearing unit 54' and thereby produce the vehicle 
wheel hub and bearing retention system 50' of this invention. 

To accomplish this, the wheel hub 52' is supported on a suitable fixture 
(not shown) and a metal forming tool 1 10 (shown in phantom in Fig. 9) is 
provided. Tlie metal forming tool 1 10 is oriented at an angle A relative lo the 
axis Z of the wheel hub 52' and is mounted on a support member (not shown) 
which allows the metal forming tool 1 10 to be selectively movable toward (and 
away from) the wheel hub 52'. As will be discussed, the metal forming tool 1 10 
is provided with a tool end I lOA having a predetermined contour which is 
effective to impart a predetermined contour to the section 70' of the wheel hub 
52 during step 104'. 

During the metal forming process of step 104', an end 70A' of section 70' 
of the wheel hub 52' is engaged by the tool end 1 lOA of the metal forming tool 
1 10. As the forming tool 1 10 is orbited (as shown by arrow R). the material of 
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the seciion 70' of the wheel hub 52' is engaged and reshaped generally radiall\ 
outwardly by the tool end lOOA against the adjacent inner end wall 82* of the 
retention ring 80' to produce the tlnal shape of the opened inboard end 56" of the 
wheel hub 52" shown in Fig. 9. During step 104'. the forming tool 1 10 is 
operative to increase the radial dimension of the section 70* of the wheel hub 52* 
and to form a predetermined finished section 56' of the wheel hub 52' which 
generally corresponds to the shape of the tool end I lOA. As a result, the metal 
forming process of step 104" secures the retention ring 80" on the wheel hub 52 ". 
Also, in this embodiment, during step 104*. the metal forming process is 
selectively controlled so that the retention ring 80* is operative to exert a 
predetermined clamp load on the bearing unit 54. Thus, step 104* is operative to 
secure the retention ring 80' on the wheel hub 52" and to simultaneously preload 
the bearing unit 54. In addition, during the metal forming process of step 104*. 
the material of the section 70' of the wheel hub 52' is displaced into and fills the 
indentations 90* of the retention ring 80" thereby providing a positive mechanical 
lock of the retention ring 80" on the wheel hub 52'. Alternatively, other metal 
Ibrming processes can be used if desired. 

One advantage of this invention is that the metal forming process is 
operative to positively secure the bearing unit retention and preload device 78 
and 78' on the respective wheel hub 52 and 52" in a predetermined installed 
position and prevent axial and radial movement of the device relative thereto. As 
a result, the bearing unit retention and preload device 78 and 78' of this 
invention is operative to maintain the predetermined clamp load against the 
associated bearing unit 54. Another advantage of this invention is that since the 
bearing unit 54 is preferably a non-serviceable bearing unit, the metal foiming 
process of the section 70 and 70' of the respective wheel hub 52 and 52' against 
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the bearing unit retention and bearing preload device 78 and 78" produces a 
tamper-proof wheel hub and bearing retention assembly 50 and 50 *. 

In accordance with the provisions of the patent statutes, the principle and 
mode of operation of this invention have been described and illustrated in its 
preferred embodiments. However, it must be understood that this invention may 
be practiced otherwise than as specifically explained and illustrated without 
depaning from its spirit or scope. 
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What is claimed is: . 

1 . A method for producing a vehicle wheel hub and bearing retention 
system comprising the steps of: 

(a) providing a wheel hub including an inboard end. an outboard end. 
and a main body, the wheel hub defining a bearing seat and a wheel hub 
shoulder; 

(b) providing a bearing unit onto the bearing seat of the wheel hub 
adjacent the wheel hub shoulder; 

(c) providing a bearing unit retention and preload device on the 
opened inboard end of the wheel hub adjacent the bearing unit: and 

(d) re-shaping the material of the inboard end of the wheel hub against 
the bearing unit retention and preload device lo thereby secure the bearing unit 
retention and preload device on the wheel hub and prevent axial movement of 
ihe bearing unit relative to the wheel hub. 

2. The method delined in Claim I wherein the inboard end of ihe 
wheel hub is provided with external threads along a portion thereof, the bearing 
unit retention and preload device is a retention nut provided with internal 
threads, and prior to step (d) the step of threadabiy tightening the retention nut on 
the wheel hub against the bearing unit so as to exert a predetermined clamp load 
on. the bearing unit. 

3. The method defined in Claim 1 wherein the bearing unit retention 
and preload device is a retention ring and step (e) further includes reshaping the 
material of the inboard end of the wheel hub against the bearing unit so as lo 
exert a predetermined clamp load on the bearing unit. 
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4. The method defined in Claim 3 wherein the retention ring defines ;i 
reiention ring inner diameter, the inboard end of the w heel hub defmes a wheel 
hub outer diameter, the reiention ring inner diameter being slightly greater than 
the wheel hub outer diameter so as to provide a slip-fit thereon during step (c). 

5. The method defined in Claim 3 wherein the reiention ring defmes a 
reiention ring inner diameter, the inboard end of the wheel hub defmes a wheel 
hub outer diameter, the retention ring inner diameter being generally the same as 
ihe wheel hub outer diameter so as to provide an press-fit thereon during step (c). 

6. The method defined in Claim 1 wherein the bearing unit retention 
and preload device includes at least one indention formed in an inner end wall 
thereof, and step (e) further includes reshaping the material of the inboard end of 
the wheel hub so as to be displaced into and fill the indentation thereby providing 
a positive mechanical lock of the bearing unit retention and preload device on the 
wheel hub. 

7. The method defined in Claim 1 wherein step (d) includes providing 
a metal forming machine having a tool end, the tool end oriented at an angle 
relative to a longitudinal axis of the wheel hub, and the tool end having a 
predetermined contour which is effective to impart a predetermined contour to 
•he inboard end of the wheel hub during step (d). 



re- 



8. The method defined in Claim 1 wherein step (d) includes 
shaping the material of the inboard end of the wheel hub generally radially 
outwardly against the bearing unit. 
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9. A vehicle wheel hub and bearing reieniion sysiem comprising: 

a wheel hub including an inboard end. an outboard end. and a main bod\ . 
said wheel hub including a first section directly adjacent said inboard end and a 
second section adjacent said first section provided with exiemal threads, said 
wheel hub including a bearing seat disposed between said second section and 
said outboard end thereof; 

a bearing unit disposed onto said bearing seat of said wheel hub; 

a retention nut installed on said second section of said wheel hub. said 
retention ring provided with internal threads which mate with said external 
threads of said second section of said outer wheel hub ponion; and 

said inboard end of said wheel hub extending against said retention nut 
thereby securing said retention nut on said wheel hub and preventing axial and 
radial movement of said retention nut relative to said wheel hub. 

1 0. The vehicle wheel hub and bearing retention system defined in 
Clam 9 wherein said retention nut includes at least one indentation fontied in an 
inner end wall thereof said indentation being filled by material of said inboard 
end of said wheel hub so as to provide a mechanical lock of said retention nut on 
said wheel hub. 

1 1 . The vehicle wheel hub and bearing retention system defined in 
Clam 9 wherein said first section of said wheel hub defines a first section outer 
diameter, said external threads of said second section of said wheel hub defines a 
minor thread diameter, said first section outer diameter being less than said 
minor thread diameter. 
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12. The vehicle wheel hub and bearing reieniion system defined in 
Claim 9 wherein said inboard end of said wheel hub is an opened inboard end. 

13. A vehicle wheel hub and bearing retention system comprising: 

a wheel hub including an inboard end, an outboard end, and a main body, 
said wheel hub including a bearing seat disposed bet%veen said second section 
and said outboard end thereof; 

a bearing unit disposed onto said bearing seat of said wheel hub; 

a retention nut installed on said inboard end of said wheel hub; and 

said inboard end of said wheel hub extending against said retention ring 
thereby securing said retention ring on said wheel hub and preventing axial and 
radial movement of said retention ring relative to said wheel hub. 



in 



14. The vehicle wheel hub and bearing retention system defined 
Clam 13 wherein said retention ring includes at least one indentation formed in 
an inner end wall thereof, said indentation being filled by material of said 
inboard end of said wheel hub so as to provide a mechanical lock of said 
retention ring on said wheel hub. 

15. The vehicle wheel hub and bearing retention system defined in 
Clam 1 3 wherein said retention ring defines a retention ring inner diameter, said 
inboard end of said wheel hub defines a wheel hub outer diameter, said retention 
ring inner diameter being slightly greater than said wheel hub outer diameter so 
as to provide a slip-fit thereon. 
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16. The vehicle wheel hub and bearing reieniion system defined in 
Clam 13 wherein said retention ring defines a reieniion ring inner diameter, said 
inboard end of said wheel hub defines a wheel hub ouier diameier, said reieniion 
ring inner diameter being generally the same as said wheel hub outer diameter so 

5 as to provide an press-fit thereon. 

1 7. The vehicle wheel hub and bearing retention system defined in 
Clam 13 wherein said inboard end of said wheel hub defines an inboard end 
outer diameter, said outer bearing seat of said wheel hub defines a bearing seat 

0 outer diameter, said inboard end outer diameter being less than said bearing seat 
outer diameter. 

1 8. The vehicle wheel hub and bearing retention system defined in 
Claim 13 wherein said inboard end said wheel hub is an opened inboard end. 



wo 98/25772 



PCT/l*S97.'2 



1/6 




15 



26 



-^IG. 1 

PRIOR ART 

36 



10. 



32- 



3^ 30 



36 
40 



PRIOR ART 




PRIOR ART 



wo 98/25772 PCTfVS9-:.'22590 

2/6 



62A jn 




TIG. 4 




^IG. 6 ^ro. 7 



wo 98/25772 



4/6 



PCT/L'S??/: 



HUB 



INSTALL 
BEARING 
UNIT 



INSTALL 
RETENTION 
NUT 



RESHAPE 
HUB 
END 



100 



102 



104 



HUB AND 
BEARING UNIT 
ASSEMBLY (Fig. 4) 



IG.8 



HUB 

1 

INSTALL 
BEARING 
UNIT 



•^100' 



INSTALL 
RETENTION 
RING 



RESHAPE 
HUB 
END 



102' 



104' 



HUB AND 
BEARING UNIT 
ASSEMBLY (Fig. 9) 



IG. 13 



wo 98/25772 PCTA.^S97,':2590 

5/6 




INTERNATIONAL SEARCH REPORT 



p:t/ls 9: ■ 



on 



A Classification of subject mattfr 
IPC 6 B60B27/00 



AccorTr.; ,0 i>^«manonai P.i.»nt Cla sstfcawn. PC> ;o 00m nai.cna. :.ass.. canon .no ^ 
8. FIELDS SEARCHED 



IPC 6 B60B 



iCUssrticaticn syst«m to«ow«a Oyc:assittcaiicn svtTCo:$. 



Dccirrr«!3i.on s*arcr.ed other ihan m.nOTiumaocum«nianoo tc m« 



#«tni tnai sucn ciocum»nis of « maucMO m ine i«<os i 



£ *crr-n.c cas« consuRM ouring me .nt«rnai.on8i M«fcr. ^name 01 Jaia OJsJ 



ana. wttere oracucai search terrrs * 



C DOCUMENTS CONSIDERED TQ BE RELEVANT 

Ca:e<;crv ) Ctation ot document *rtn «oK:ai»on wnere aooroonate 01 in* r9«»vam oassage* 

1996 ^ ^^^^ INDUSTRIE) 9 October 

see column 2, line 48 - column 3. line 38- 
figures 

cruL??? * KUGELFISCHER GEORG 
SCHAFER) 13 February 1996 
see claims: figures 

US 5 560 687 A (HAGELTHORN) 1 October 1096 
see abstract; figures 

US 4 331 210 A (PETRAK) 25 May 1982 
see page -; figures 

US 4 378 868 A (PETRAK) 5 April 1983 
US 5 328 275 A (WINN) 12 July 1994 



□ 



F jnner oocumems are bsied m tne contmijatwn of oox C 

Specai rai^ijories ei cHeo oocurrvents 

A 3.- :^men! aef,n,ng the genera> state oi th- an wmcn s not 
. ."sioereo to oe oi Damcuiar reievanc* 

^ "'^il^'a^i*^*''* puonsneo on or aner the «iternat.onai 

L oocjmem whicn may throw oouots on pnority ciaimisi or 
*n,cn ,s cteo lo establish the Duo.«:at.onoaie ol ar«ther 
Citation or other special reason us specttieoi 

^ ^m1T!l! «» aihib-ion or 

•-tner means 

^ ^^«ri^.11!?'"^ Oftor 10 the imematunai mng date but 
iai«r fhan the onoray date claimed 



Relevant to ciaim Mo 



1.3.8.9. 

13 



1.3.8.9. 
13 



|X I '*">"r '»<»mo«rs are tswo n annvi 



lawr aocurrant 



DuDtsrwo *n*r irM •ni«rruiionai lilmo oiic 



or orioniy oaie ana not .n conllw^ win the appucatSn but 
.nj;S,l;r'^'"''^ tneorv*SSer*ti'JS mi 

^ °* '••evance. the claimed invention 

cannot be consmered novel or cannot be considers lo 
.nvowe an inventive step when the docun5S?!r?aT2n J.one 

oocumeni ,s comoned with one or more other such docu- 
a^ O^^e Obvous to a person SSid 




European Patent Oftice PB 58i8 Paieniiaan^ 

NL 2280 HV ni|swi|k 
Tei (Oi-ZO) 340 2040 Ti 31 65t epom 
Pax (*31.70J 340-3016 



Vanneste, M 



INTERNATIONAL SEARCH REPORT 

.niormaiien on o«leni ramiiy memoers 



■:i:eo m searcn feoor, 



EP 736398 



PC* 'US 97''::59C 



•jcitcation 
date 



•nemoefts- 



09-10-96 



NONE 



-.Ci.c.r-v- 



us 5490732 


A 


13-02-96 


DE 4339847 C 
BR 9404687 A 


01-06-95 
01-08-95 


US 5560687 


A 


01-10-96 


NONE 




US 4331210 


A 


25-05-82 


NONE 




US 4378868 


A 


05-04-83 


NONE 




US 5328275 


A 


12-07-94 


EP 0623481 A 
FI 942082 A 
JP 7139552 A 


09-11-94 
- 07-11-94 
30-05-95 



r' 



THIS PAGE BLAMK (uspto) 



